For the first time, active biomonitoring was used to assess elemental content of atmospheric pollution in selected areas of the Western Cape Province in South Africa. Two moss and lichen species were exposed for a maximum period of 3-months (i.e. 12-weeks) at three sites. Overall, 47 elements were identified and their concentrations were determined using both INAA and ICP-MS. Some of the identified elements could be linked back to the anticipated pollution sources. Relative Accumulation Factor values were calculated for the identified elements. Overall, concentrations of elements were found to be relatively lower in the Western Cape air.
Introduction
Total absence or scarcity of native biomonitors in certain environments, e.g. large cities with heavy technogenic load as well as industrial and arid regions, has led to a global increase of the use of active biomonitoring technique [1] [2] [3] . Active biomonitoring is a process whereby biomonitors are collected from relatively pristine habitats, transplanted to various environments and used to monitor atmospheric pollution. This is done by intentionally exposing biomonitors to polluted areas under investigation (where native biomonitors do not grow) in order to monitor air quality. The lack of a root system in mosses and lichens, which causes them to gain water and nutrients directly from the air, infer that their chemical element enrichment is mainly due to atmospheric deposition [2, [4] [5] [6] . Using biomonitors to provide information on concentrations of multi-elements by analysing them with nuclear and related analytical techniques has become a powerful tool for detecting and identifying air pollutants as well as revealing air pollution sources [7] .
Biomonitoring technique is well-established and extensively used in most European countries to investigate atmospheric deposition of trace elements related to heavy metals and other trace elements [8] [9] [10] [11] [12] [13] [14] [15] [16] . Thus far, the biomonitoring technique has been essentially used in the domain of scientific research. Nevertheless, passive biomonitoring studies are conducted following the framework from the United Nations Economic Commission for Europe (UNECE)-International Cooperative Programme on Effects of Air Pollution on Natural Vegetation and Crops (ICP Vegetation). This framework is regularly updated using passive moss surveys that cover the regions of Europe and most recently, North America. These surveys are intended to provide reliable air quality assessment as well as produce information needed for better identification of contamination sources and improve potential for assessing health and environmental risks associated with toxic metals [17, 18] . On the other hand, there is no international program regarding active biomonitoring application following the harmonized rules. Nonetheless, active biomonitoring technique continues to be used by scientists, especially in the European countries, as a regular tool to monitor air quality in highly polluted areas where natural biomonitors do not grow [19] [20] [21] [22] [23] [24] [25] . Sampling guidelines from the UNECE-ICP Vegetation framework are usually followed for sampling procedures during active biomonitoring studies.
Ares et al. [19] have attempted to develop a universal standardized protocol that would be useful for official institutions when adopting active biomonitoring technique as their regular tool for monitoring air quality. After consulting numerous scientific research papers on active biomonitoring, their main recommendation was for active biomonitoring to be used in conjunction with other conventional monitoring methods. Apart from providing an inexpensive, flexible and dense monitoring system; jointly utilizing the two methods is presumed to indicate spatial and temporal trends as well as vertical and horizontal gradients for a variety of inorganic and organic contaminants. Their ultimate advice was for researchers to continue investigating the value and limits of the biomonitoring technique [19] . Moreover, Rogova et al. [20] systematically discussed some of the problems that might arise from the active biomonitoring technique. One of their main findings was that; assembling and vertically positioning frameworks of epiphytic mosses is cost-effective, easy to implement and allows one to explore large areas. Additionally, they observed that the orientation of samples on different kinds of trees did not have any significant effect on the results. This indicates that the nutrient uptake of the transplanted epiphytic moss from the substrate is insignificant. However, one should be aware of the effect that sample shielding by the tree crown could have. Lastly, the suggestion was that, when conducting research using epiphytic moss transplants, the samples can be located at any suitable height up to 3-4 m. This is because at lower altitudes, especially lower than 0.5 m, soil particles are likely to get into the samples and contribute to the accumulated chemical elements, leading to large variations in the quality of the results [20] . All the consulted published scientific papers on active biomonitoring are in agreement that the moss bags are a cost-effective and a very sensitive tool to evaluate air pollution as it allows for easy and detailed data collection. This is done by accumulating chemical elements in air (using transplanted moss bags), followed by investigating the types (quality) as well as the amount (quantity) of pollutants emitted due to road traffic, various industries (including agricultural practices) and urbanization. That means, significantly increased human exposure to air pollutants is to be expected in the cities, near industrial activities, busy traffic streets and tunnels. These are the areas where microclimate and urban topography are likely to additionally cause poor air conditions, giving rise to pollution hotspots. In addition to accumulation, identification and quantification of air pollutants, active biomonitoring also allows for identification and characterization of various emission sources using multivariate statistics. In their recent study on assessing trace element deposition in the capital city of the Republic of Moldova using active biomonitoring, Zinicovscaia et al. [25] reported that the results were evident of the notable levels of air pollution in the Chisinau city which required attention from the national authorities.
Little has been done in SA on the subject of biomonitoring. Thus far, there are only eight published biomonitoring studies in SA [26] [27] [28] [29] [30] [31] [32] [33] . Five of those studies are based on data acquired from Pretoria (Gauteng Province) [26-28, 31, 33] , while one is from a mining industrial area in the North West Province of SA [29] . The other two studies [30, 32] form part of the PhD study of which the current study is also a part of. In a nutshell, the SA government's air quality monitoring system does not monitor concentration levels of pollutants such as heavy metals and other trace elements. The SA's focus is on assessing concentrations of classical pollutants such as particulate matter (PM 10 ), ozone (O 3 ) and carbon monoxide (CO) [34, 35] . However, for any industrialised and developing country like SA, there is a general burden of industrial air pollution caused by trace elements (e.g. heavy metals) that contributes to high levels of air pollution. World-wide, developing and developed countries are confronted with air pollution caused by toxic heavy metals. This leads to a variety of adverse effects on human health and environmental degradation [36] [37] [38] . Air pollution due to heavy metals and other trace elements is mainly associated with consistent industrial growth, urbanisation, and emissions from automobile traffic [11, 39, 40] . As a result, the main aim of this study was to collect, deploy and analyse mosses and lichens in order to assess heavy metals and other trace elements in the Western Cape air. The monitored areas were carefully selected in order to assess elemental content of atmospheric pollution due to urbanisation, industrialisation and vehicle emissions. Biomonitors were analysed by epithermal Instrumental Neutron Activation Analysis (INAA) and Inductively Coupled Plasma Mass-Spectrometry (ICP-MS) techniques.
Experimental

Study area
This study was carried out in the Western Cape Province, which is situated in the south-western part of SA as shown in Fig. 1 . The enlarged part of the map shows the sites; Stellenbosch University area, Vredenburg and Huguenot Tunnel, where samples for this study were deployed for monitoring purposes. These sites were selected in order to monitor elemental content of atmospheric pollution due to urbanization, industrialization and vehicle emissions, respectively. Stellenbosch University Area, which is dispersed throughout the Stellenbosch town, constitutes a large part of the town. Hence, one of the Stellenbosch University buildings was used to deploy samples in order to monitor emissions from the urban sources around town. e.g. emissions from vehicles due to traffic, factory exhausts, residential fuel, etc. Situated along the West Coast in the Western Cape Province, Vredenburg has an unobstructed and wide view over Saldanha Bay, where most potential air pollution sources (industries) are situated. Huguenot Tunnel was then exclusively selected to monitor pollutants associated with vehicular emissions. This tunnel is an extension of the national road (N1) through the Du Toitskloof mountains, about 80 km north-east of Cape Town city, Western Cape, SA.
On a daily basis, estimated 12,000 vehicles (light and heavy duty, using both diesel and petrol) pass through this tunnel of about 4 km long. The ventilation system of the tunnel consists of the ventilation fan system, which allows air flow inside the tunnel [43, 44] .
Sample collection, preparation and deployment
Two moss species (Pterogonium gracile, Leptodon smithii) and two lichen species (Usnea subfloridana, Parmotrema perlatum) were collected from a relatively pristine mountainous area of Montagu in Ashton, Western Cape. Collected samples were taken to the laboratory, where they were airdried and any visible contaminants were cleaned off by manually removing (without washing) soil particles and/ or external plant material from the moss and lichen samples. Samples of each species were manually homogenized by stirring the collected material. For deployment at the monitoring sites, lichen-and moss-bags were prepared by weighing 3 g dry weight and loosely packing those in nylon mesh-bags of 10 cm × 10 cm size with mesh area of 1 mm 2 . Overall, 9 bags of each species (Leptodon smithii, Pterogonium gracile, Usnea subfloridana, Parmotrema perlatum) were prepared for deployment in the Huguenot tunnel (36 bags). On the other hand, only 3 species (Leptodon smithii, Pterogonium gracile, Usnea subfloridana) were prepared for Stellenbosch and Vredenburg (27 bags) . This is because Parmotrema perlatum could not be found in substantial amount for all 3 sites. Details about sample deployment and exposure duration are given in Table 1 . The prepared bags were Lichen-and moss-bags at Stellenbosch and Vredenburg were deployed in such a way that they were completely exposed to wind and precipitation, whereas the ones inside Huguenot tunnel were deployed in such a way that they were totally exposed to traffic emissions. The designed, built and installed structures on which the sample bags were hung are shown in Fig. 2a -c. After each collection (i.e. after 4 weeks, 8 weeks and 12 weeks), samples were manually homogenized and prepared for analysis.
Sample preparation for measurements
For NAA measurements (the main analytical method for this study), samples were weighed to 0.3 g (dry weight), pelletized, and separately wrapped with plastic covers and aluminium (Al) foils. Samples wrapped in plastic covers were packed in polyethylene cups for short-term irradiation (in order to determine SLI 1 ). Similarly, those wrapped in Al foils were packed in Al cups for long-term irradiation (in order to determine LLI 2 ). After packing, samples were sorted and ready for irradiation in the reactor.
For ICP-MS, samples were first oven-dried at 40 °C for 3 days. After the drying process, samples were then milled using IKA A10 analytical mill. Thereafter, about 0.3 g of each sample was weighed, transferred into a microwave vessel and about 10 ml HNO 3 was added into each vessel. Samples were left to stand open for 20 min in order to predigest, before sealing the vessels and commencing with the microwave heating process for another 20 min at 185 °C. About 40 g of deionised water was weighed and added in a sample bottle that was cleaned in 1% HNO 3 and then added to the digested sample in the microwave vessel to make up 50 ml. Samples were stirred in the microwave vessel, transferred to the sample bottle and then subjected to the ICP-MS.
Sample measurements
Irradiation of samples was performed in the radioanalytical complex, REGATA, using fast pulsed reactor, IBR-2, at the Frank Laboratory of Neutron Physics (FLNP) of the Joint Institute for Nuclear Research (JINR) in Dubna, Russia. A full description of the IBR-2 irradiation channels, pneumatic transport system, irradiation conditions for both SLI and LLI as well as data processing at REGATA is available in [14, [45] [46] [47] . The SLI (Al, Ca, Cl, I, Mg, Mn, and V) were determined using a conventional irradiation channel (Ch. 2) which utilizes the full energy spectrum of neutrons from the reactor. In order to determine SLI, samples packed in polyethylene cups were irradiated for 3 min. For determination of LLI, long-term irradiation was performed using a Cd-screened irradiation channel (Ch. 1) with average neutron flux density (ϕ epi. ) = 3.6 × 10 11 n cm −2 s −1 . Using Ch. 1; samples were irradiated for 4 days and then repacked for cooling.
Alternatively, an Agilent 7700 × ICP-MS with Octupole Reaction System was used to measure concentrations of the environmentally meaningful elements; Pb, Cu and Cd, that could not be determined by INAA. ICP-MS measurements were performed at the Central Analytical Facilities (CAF), Stellenbosch University, Stellenbosch (South Africa) using an Agilent 7700 × ICP-MS with Octupole Reaction System. In the ICP-MS, samples were introduced in the form of a spray and upon experiencing the hot plasma of the ICP; they went through desolvation, vaporization, atomization and ionization of chemical elements. These ions were then separated according to their mass/charge ratios by a high resolution magnetic sector mass analyzer of the MS and were then detected, multiplied, and counted using fast digital electronic of the computer.
Data analysis for NAA
After irradiation of samples in the reactor, gamma(γ)-ray measurements were performed using HPGe (High Purity Germanium) detector system coupled with Genie2000 analysis software. For SLI, the irradiated samples were measured and γ-ray spectra recorded twice; for 5 min (after 2-3 min delay time) and for 15 min (after 9-10 min of delay time). For LLI isotopes, samples were initially measured for 30 min immediately after repacking, following the cooling time of 4-6 days. Subsequently, 2nd measurements were taken for about 1.5 h, after another cooling time of 20 days. Data processing of qualitative and quantitative analysis of elements was performed using a Concentration program developed at FLNP. The Concentration program was developed using Visual Studio programming environment and is based on the use of the standard reference materials (SRM) and flux comparators. A detailed description of the concentration program is given in [46, 47] .
Quality assurance
In order to provide quality control in INAA, certified reference materials from NIST (National Institute of Standards and Technology) 3 and IRMM (Institute for Reference Materials and Measurements) 4 were used. These were; SRM 2709 (San Joaquin Soil), SRM 1572 (Citrus Leaves), SRM 1549 (Non-Fat Milk Powder), SRM 2711 (Montana Soil), SRM 1632b (Trace Elements in Coal) and ERM-CC690 (Calcareous Soil). This is a group of certified reference materials that were used at REGATA in order to choose the ones with least deviation between measured and certified values of elemental content for conducting quality control. For ICP-MS measurements, NIST certified reference materials SRM 1570a (spinach leaves) was used. For both techniques (INAA and ICP-MS), the experimentally measured contents were in good agreement with the certified values. The variation between certified values in the certificates and the measured content of elements in the certified reference material was between 0.3 and 15% for INAA and between 0.3 and 10% for ICP-MS.
Data processing
The actual contents of trace elements (C x ) accumulated by lichens and mosses after deployment and each month's collection were evaluated. As shown in Eq. (1), this was done by comparing the accumulated content of trace elements from the exposed samples (C f ) with the initial values measured from the unexposed samples (C 0 ); Subsequently, relative accumulation factor (RAF) used to assess the element enrichment in the exposed samples was calculated using the formula represented by Eq. 2 [25] ;
The association of elements from the obtained data set with various pollution sources was characterized and highlighted using factor analysis (FA). The statistical analysis was performed using StatSoft STATISTICA 8.0.550 version. In order to work out the factor scores, Varimax method was used for orthogonal rotation of standardized (to zero mean and unit standard deviation) variables. Briefly, Varimax normalised factor loadings indicate the measure of variability (in %) among the presented variables under the same factor [48] [49] [50] . In this study, Varimax normalized rotation of factors was applied to all obtained datasets. Cluster analysis (CA) was also applied for elements with higher concentrations accumulated from the 3 monitoring stations. CA was applied using Ward's method as a linkage rule and Euclidean distances as a distance measure.
Results and discussion
In this study, a total of 47 elements were identified and their concentrations were determined using both the epithermal INAA and ICP-MS. Concentrations of 36 elements (Al, Ca, Fe, K, Mg, Na, Ti, V, Cr, Mn, Co, Zn, As, Se, Sr, Mo, Sb, Ba, Cl, I, Br, La, Sm, W, U, Sc, Rb, Zr, Cs, Ce, Nd, Gd, Tb, Tm, Hf, Th) were determined using INAA. ICP-MS was specifically used for determination of some environmentally meaningful element (Pb, Cu and Cd), it additionally allowed for the determination of the other 26 elements (Al, B, Ca, Fe, K, Mg, Na, P, Si, Li, Be, Ti, V, Cr, Mn, Co, Ni, Zn, As, Se, Sr, Mo, Sn, Sb, Ba, Hg). However, for this paper, only Pb, Cu and Cd results will be discussed along with the INAA data. Factor loadings for concentrations of elements in all the analysed samples from Stellenbosch, Vredenburg and Huguenot tunnel are given in Table 2 . All factor loadings higher than 0.5 are clearly marked in bold.
The strongest factor, Factor 1 (with an explained variance of about 18%) has high factor loadings for; Al, Ca, Fe, Mg, Ti, V, Mn, Co, Zn, Sr, Ba, W, Zr, Cs, Hf, Th, U, and the rare-earth elements (La, Sm, Sc, Ce, Gd, Tb, Tm). Most elements in this factor (Al, Co, La, Mg, Sm, Ti, Th, Fe, Sc, Tb, V, Zr) reflect contamination of samples with
soil particles as they are typical crustal material. High concentrations of Al, Fe and Ba, are indicative of the anthropogenic influence from industries situated around Vredenburg. These elements are generally produced during processes such as coal burning, steel processing, oil combustion, etc. [51, 52] . This indicates the link between these elements and the manufacturing processes from the oil rig facility, steel plant, heavy mineral plant, galvanising plant and the oil storage facility that are based around Vredenburg. Factor 2 has high factor loadings for Cr, Mn, Co, Zn, Sr, Mo and Rb. This factor is an industrial component affected by some lithological and basaltic components. Elements in this factor are associated with air pollution due to anthropogenic influence. These elements may be linked to particles produced by metallurgical and chemical industries. Hence, they are highly associated with the industrial activities around Vredenburg area. For example, high concentrations of Cr are likely to come from steel alloys that usually contain Cr content. Even though the Co and Zn concentrations may be respectively linked to basaltic and lithological background, anthropogenic activities are also likely to contribute to high concentrations of these elements in air [3, 6, 52, 53] . Factor 3 has high factor loadings for halogens (Cl, I, Br), which are mainly associated with atmospheric deposition of aerosols influenced by processes in the marine environment. High concentrations of halogens are found in regions closer to oceans. For this study, this is strongly supported by Western Cape's coastline formed by Atlantic and Indian oceans. Moreover, high concentrations of Na concentrations in this factor may be linked to the sea-salt (NaCl) emissions from the nearby oceans [3, 52] . Factor 4, with an explored variance of about 5%, has high factor loadings for Mo, Sb, Pb, Cu, and Cd. This group links typical elements which are consequences of vehicle emissions (auto exhausts, oil combustion, brake and tire wear, as well as road dust containing traffic related particles). This factor is highly connected to pollution from Huguenot tunnel, with some effects of the anthropogenic sources of air pollution from Stellenbosch town [52, 54] .
Overall in this study, increased concentrations of Ba, Zn, Cr, V, Cu and Ti were accumulated by samples deployed at Stellenbosch. These elements indicate emissions from dust resuspension of soil mixed with traffic related particles, as well as vehicle exhaust emissions. From the samples deployed at Vredenburg, higher concentration levels of As, Cd, Hg, Pb, Ba, Fe and Na were observed. These indicate emissions from a combination of metallurgical and chemical industries that are found in the Vredenburg area. Higher concentrations of Ba, Zn, Cr, V, Cu, Ni, Pb and Sb, which are fingerprints for vehicle emissions, were accumulated by samples deployed in Huguenot tunnel [14, 51, [55] [56] [57] [58] .
In order to assist in revealing the character and the origin of pollution sources within our study area [27] , CA was applied to all datasets. The variables in the Vredenburg results had large differences in scaling and as such, a base-10 logarithm transformation of all element concentrations was performed. All the CA results are shown in in Fig. 3a -c. For Stellenbosch, the 1st group contains Ba and Zn, linked to Cr, Cu (linked to V). Both of these groups are connected to Ti. This cluster is made of groups of elements which are reported as traffic related as well as those associated with mixture of soil and suspended road dust [53, 58] . For Vredenburg, a group containing As linked to Cd and Hg was observed. This group forms a series of connections with Pb, Ba, Fe and Na. A cluster formed by these connections consists of anthropogenic heavy metals that co-exist with Fe-rich urban dust as well particles from sea-salt emissions [51, 56] . For Huguenot tunnel, there is a group formed by Pb and Ni, linked to Sb and V. This group is joined to another group formed by Cr and Cu. All these groups are then linked to another group containing Ba and Zn. This cluster represents traffic related particles [14, 51, 53, 58] . For all these CA results, the fact that all groups are connected at a certain distance demonstrates the interconnection between the main pollution sources of those elements.
After CA of the elements with higher concentrations from all monitoring sites, concentrations of the environmentally meaningful elements were plotted against initial element concentrations from the non-exposed samples (see Fig. 4a -i).
As shown by the plots, elevated concentrations of Pb were observed from Huguenot tunnel. Since South Africa has been moving towards cleaner fuels by slowly phasing out the use of leaded gasoline, elevated concentrations of Pb may be due to due to emissions from the lead-acid batteries used by vehicles. On the other hand, higher concentrations of Cu were observed from the Stellenbosch samples while relatively higher concentrations of Cd were almost competing between Stellenbosch and Huguenot tunnel. Human activities such as waste disposals, waste burning, traffic emissions, as well as the production and use of consumer goods are likely to be contributing to high levels of Cu in the Stellenbosch air. Also, the scale of the y-axis in Fig. 4a -i was deliberately kept similar in order to check the accumulation trend on the content of elements by the different species used. From here, it was observed that all the moss and lichen species used followed a similar trend. However, the lichen species was accumulating the content of elements at a slower rate as compared to the mosses. The same trend was observed for the entire major, minor and trace elements determined in this study, except for halogens.
Local comparison for this study was done by comparing concentrations of elements obtained from this study to those obtained from Pretoria studies [28] mentioned earlier in the "Introduction" in section. Even though different species were used in these studies, comparison was still performed since there was no study that used similar species to the ones used in this study. For these SA's comparison, only the lichen data were used. The lichen species used for the Western Cape data were Usnea subfloridana and Parmotrema perlatum, whereas Parmelia sulcate was used for the Pretoria data. From the Pretoria data, lichens were also exposed in three varying areas (the Limpopo University campus, an industrial area, a high traffic center) for three months. This presented a sensible comparison with our data. Accordingly, these results from Limpopo University campus, an industrial area and a high traffic center were compared with the results from Stellenbosch University area, Vredenburg and Huguenot tunnel; respectively (see Fig. 5a -c). The comparison revealed that the concentrations of elements accumulated from Pretoria over the exposure period of three months were generally higher than those accumulated from the Western Cape, for the same exposure period in all three compared areas. In particular, the concentration levels of Pb, Zn, Cu, Cr and Mn from Pretoria were evidently higher than those obtained from the Western Cape. However, concentration levels of Sb, Cd and Ni from both studies were almost identical.
In the same way, international comparison for this study was done by comparing concentrations of elements obtained with to those obtained from the study in Vienna, Austria [58] . For this comparison, only the moss data was used and similarly to the SA comparison, different species were used in the studies. The moss species used in the Austria study were Hylocomium splendens and these were exposed in the Laaer Berg tunnel for four weeks, hence only comparison with Huguenot tunnel data was considered. The results for this comparison are shown in Fig. 6a-b and they indicate that the concentrations of As, Co, Mo, Ni, Sb, V, Ba, Cu and Zn accumulated from the Laaer Berg tunnel after four weeks are higher than those accumulated inside Huguenot tunnel over the same exposure period.
Conclusions
In conclusion, the data for elemental content of atmospheric pollution in selected areas of the Western Cape Province (Stellenbosch, Vredenburg and Huguenot tunnel) was developed. However, the accumulation rate by the exposed samples over exposure times of 4 weeks, 8 weeks and 12 weeks was not consistent in all monitored stations. Nonetheless, mosses proved to be more efficient in accumulating major, minor and trace elements. The two moss species used in this study presented a generally high bioaccumulation capacity for metals and a more constant and linear accumulation trend than lichens. Furthermore, there was no bioaccumulation capacity difference observed between the types of mosses used in this study. On the other hand, both lichen species used in this study happened to be more efficient than mosses in accumulating halogens. In lichens, the Usnea subfloridana species indicated a better bioaccumulation capacity as compared to the Parmotrema perlatum species. Overall, better results in this study were achieved from using both mosses and lichens. This demonstrates the significance of using a combination of various kinds and/or species of biomonitors when performing biomonitoring studies as this may assist in overcoming some bioaccumulation capacity limitations that are species and/or area dependent. 
